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Mathematics Advanced 
 
 
 
 
 
General 
Instructions 

 Working time – 1 hour 

 Write using black pen 

 Calculators approved by NESA may be used 

 A reference sheet is provided at the back of this paper 

 In Questions 11 – 18, show relevant mathematical reasoning 
and/or calculations 

  

Total marks: 
40 

Section I – 10 marks (pages 2 – 5) 

 Attempt Questions 1 – 10 

 Allow about 15 minutes for this section 

Section II – 30 marks (pages 6 – 8) 

 Attempt Questions 11 – 18 

 Allow about 45 minutes for this section 
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Section I 
 
10 marks 
Attempt Questions 1 – 10 
Allow about 15 minutes for this section 
 
For Questions 1 – 10, select the most appropriate option and write your selection on your 
answer sheets. 

 

1 What is 8
1

10
202
×  correct to 4 significant figures? 

A. 1.779 
B. 1.7795 
C. 1.78 
D. 1.780 

 

2 A standard deck of 52 playing cards with four suits (spades, hearts, clubs and 
diamonds) are shuffled and two cards are drawn at random, one after the other 
without replacement, what is the probability that the cards are of different suits? 

A. 1
12

 

B. 39
51

 

C. 39
52

 

D. 1
2028

 

 

3 What is the value of 4
1log

16
 
 
 

? 

A. 2 
B. 4 

C. 2−  
D. 4−  
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4 Which of the following could be the graph of ( )( )( )2 3 1y x x x= − + − ? 

A.  

 

B.  

 

C.  

 

D.  

 

 

5 The points ( )3,1P , ( )2,5Q  and ( ),R a b  are collinear. Which of the following 
statements is correct? 

A. 4 7a b+ =  
B. 4 1a b− = −  
C. 4 13a b+ =  
D. 4 11a b− =  

 

6 Given 4 2 1y x= − , which of the following is the correct expression for dy
dx

? 

A. 4
2 1x −

 

B. 2
2 1x −

 

C. 4
2 1x

−
−

 

D. 2
2 1x

−
−
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7 Given two functions ( ) 1f x
x

=  and ( ) 3g x x= , which of the following expressions 

does not equal to 1? 

A. ( ) ( )11f g  

B. ( ) ( )1 1f g− −  

C. ( )( )1f g  

D. ( )( )1f g −  

 

8 Which of the following is equivalent to 4 41 cos sinx x+ − ? 

A. 22sin x  

B. 22cos x  

C. 22sin x−  

D. 22cos x−  

 

9 Below is an incomplete graph of the relation ( )y f x= . What lies on the left of the 
y-axis has been obstructed from view. 

 

Given that ( )f x  is an odd function, what type of relation is ( )y f x= ? 

A. One-to-one 
B. One-to-many 
C. Many-to-one 
D. Many-to-many 
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10 The straight lines 0ax by c+ + =  and 0dx ey f− − =  are perpendicular, where the 
coefficients a, b, c, d, e and f are real numbers and are non-zero. Which of the 
following statements is correct? 

A. 0ad be− =

B. 0ad be+ =

C. 0ae bd− =

D. 0ae bd+ =

End of Section I 
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Section II 
 
30 marks 
Attempt Questions 11 – 18 
Allow about 45 minutes for this section 
 
Begin your responses for each question by writing down the question number. 
 
In Questions 11 – 18, your responses should include relevant mathematical reasoning and/or 
calculations. 

 

Question 11 (4 marks) 

Differentiate each of the following with respect to x. 

(a) ( )423 1x +  2 

(b) 
2

x
x
e

 2 

 
 
Question 12 (5 marks) 

Consider the triangle below. 

 
(a) Calculate the exact perimeter of this triangle. 3 

(b) Calculate the exact area of this triangle. 2 

 
 

Exam continues on the next page  
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Question 13 (2 marks) 

Find the values of a and b such that ( )2
3 8 2a b− = − . 2 

Question 14 (2 marks) 

Sketch the graph of 0.5logy x= , showing the x-intercept and at least one other point on 2 
the graph. 

Question 15 (2 marks) 

Solve 22sin sin 1 0x x+ − =  for 0 2x π≤ ≤ . 2 

Question 16 (5 marks) 

Consider the functions ( ) 3f x x= +  and ( ) 2 2g x x= − .

(a) Write a simplified expression for ( )( )g f x . 1 

(b) State the domain and range of ( )( )g f x . 2 

(c) Sketch the graph of ( )( )y g f x= . 2 

Question 17 (5 marks) 

A discrete random variable X has the probability distribution shown below, where 5 
a and k are constants. The probability that X takes on the value of x is given by ( )p x .

( )
2

2

2 3 4
3

2 2 4

x a a a a

k k kp x k

Given ( ) 19
4

E X = , find the values of a and k, and hence evaluate ( )Var X .

Exam continues on the next page 
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Question 18 (5 marks) 

A teardrop design is constructed using a circle   centred at Q and an absolute value function 
y mx= − , where m is a positive constant, as shown by the shaded region in the diagram. 

The absolute value function is tangential to the circle at points P and R, such that PQ PO⊥  
and RQ RO⊥ . 

(a) The circle C has equation 2 2 4 3 0x y y+ + + = . Find the centre and radius of 2 
this circle.

(b) Find the value of m. 1 

(c) Calculate the exact area of the teardrop design. 2 

End of Paper 

y mx= −


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Section I 

Multiple-choice Answer Key 

Question Answer  Question Answer 
1 D  6 A 
2 B  7 D 
3 C  8 B 
4 A  9 C 
5 C  10 A 

 
Questions 1 – 10 

Sample solution 

1.  

( )

8 1.779536...
2021

1.780  4 sig. fig.

10

=

×
=

 

2.  
( ) 52 39different suits

52 51
39
51

P = ×

=
 

3.  ( )2
4 4

2

l 1 log 4
1

og
6

−  = 
 

= −

 

4.  The roots are at 3, 1, 2x x x= − = = . Leading term is 3x− . 

5.   5 1
2 3
4

PQm −
=

−
= −

 

 

4
1 4
3
1 4 12

4 13

PRm
b
a
b a
a b

= −
−

= −
−
− = − +
+ =

 

6.  

( )

( )

1
2

1
2

4 2 1

4 2 1

4 1 2 1 2
2
4

2 1

y x

x
dy
dx

x

x

−

= −

= −

= × − ×

=
−

 

7.  ( ) ( ) 3

1

11
1

1 1f g× =

=

×  

 

( ) ( ) ( )3

1

1 1
1

1 1f g× − = ×
−

−

=

−  

( )( ) ( )
( )

31 1

1
1
1
1

f g f

f

=

=

=

=

 

( )( ) ( )( )
( )

31 1

1
1
1
1

f g f

f

− = −

= −

=
−

= −

 

  



Sample solution 

8.  ( )( )
( )

4 4 2 2 2 2

2 2

2

2

1 cos sin 1 cos sin cos sin

1 cos 1 cos

1 o

1

1c

2

2

c s

s

o

x x x x x x

x

x

x

x

+ − = + + −

= +  × − − 
= + −

=

 

9.  

 
“Many” inputs (x-values) can output to the same y-value, this is a many-to-one relation. 

10.  0ax by c
by ax c

a cy x
b b

+ + =
= − −

= − −

  
0dx ey f

ey dx f
d fy x
e e

− − =
− = − +

= −

 
Since the lines are perpendicular: 

1

1

0

d
e

ad
be
ad be

ad b

a

e

b
× = −

=

=
− =

−

 

 

  



Section II 

Question 11 

Sample solution Suggested marking criteria 

(a)  ( ) ( )
( )

4 32 2

32

13 6

2

3 1 4

4 13

d x x

x

x
d

x

x
+ = + ×

+

×

=
 

• 2 – correct derivative 
• 1 – correctly applies chain 

  rule 

 – obtains ( )324 3 1x +  

(b)  

( )
( )
( )
( )

2 2

2

2

2

2

2

x x

x

x

x

x

x

d x xe x e
dx e e

xe x

e

x x
e

  −
= 

 

−
=

−
=

 

• 2 – correct derivative 
• 1 – attempts to use the  

  quotient rule 

 

Question 12 

Sample solution Suggested marking criteria 

(a)  ( )

( )

( )

2 2 2

2 2

2

2

2

2

0

6 2

36 6

3 6 36 0

0

6 cos 60

1

4

13

1

1

13  si

3

nc  

2

0

e

2

1 1

x x

x

x

x

x x

x

x

x

x

x

x

x

= + −

= + −

+ − =

+ − =

+ − =

× ×

+

× °

±

= − + >

=

 

 

( )
( )

3 6

3 1 13 6

3 13 3  cm

P x= +

= − + +

= +

 

• 3 – correct solution 
• 2 – correct value of x 
• 1 – forms a correct quadratic 

  equation in terms of x 

(b)  

( )
2

6 sin 60

33 1 13
2

3 39 3 3  

1
2

cm
2

A x× × × °

= × − + ×

 −
=   



=



 

• 2 – correct solution 
• 1 – uses the sine area rule 

 

Question 13 

Sample solution Suggested marking criteria 

( )2

2 2

17, 12

3 8 9 6 8 8

17 6

17 12 2
a b

−

×

∴ =

= − +

= −

=

−

=
 

• 2 – correct solution 
• 1 – correctly expands the 

  perfect square 

 

  



Question 14 

Sample solution Suggested marking criteria 

 

• 2 – correct graph 
• 1 – recognises the shape of 

  the graph of a logarithmic 
  function with correct 
  x-intercept 

 

Question 15 

Sample solution Suggested marking criteria 

( )( )

22sin sin 1 0
2sin 1 sin 1 0

x x
x x

+ − =

− + =
 

2

1sin sin 1
2

5,
6

3

6

x x

xx
ππ π

= = −

==
 

3 5, ,
6 2 6

x π π π
=∴  

• 2 – correct solution 
• 1 – correctly solves for one 

  angle using a valid  
  method 

 

Question 16 

Sample solution Suggested marking criteria 

(a)  ( )( ) ( )
( )2

3

3 2

3 2
1

g f x g x

x

x
x

= +

= + −

= + −
= +

 

• 1 – correct solution 

(b)  ( )f x  has a natural domain of 3x ≥ −  

Therefore, for ( )( )g f x : 

Domain: 3x ≥ −  
Range: 2y ≥ −  

• 2 – correct solution 
• 1 – correct domain only 

 – correct range only 

(c)  ( )( )
1 ,  where 3

y g f x

y x x

=

= + ≥ −
 

 

• 2 – correct graph 
• 1 – recognises the shape of 

  1y x= +  

 



Question 17 

Sample solution Suggested marking criteria 

( )

( )( )

( )

2
2

2 2

2

1

3 1
2 2 4

2 4 6 4

10

0

3 4 0
5 4 2 1 0

1   since 
2

p x

k k kk

k k k k

k k
k k

k k

=

+ + + =

+ + + =

+ − =

+ − =

= ≥

∑

 

 

( ) ( )
2

2 32 4
2 2 4
1 1 3 1 12 3 4
4 4 2 4 8

9
4 2 8 2
2 4 9 4

8
19

8
2

19 3
4

k k ka k a

a a a a

a a

E

a a

a a a a

X xp x

a

a

a

a× + × × + ×

= × + × + × × + ×

= + + +

+ + +
=

=

=

=

+

=

∑

 

 
The probability distribution table becomes: 

( )

2 4 6 8
1 1 3 1
4 4 8 8

x

p x
 

 

( ) ( ) ( )( )
( ) ( )( )

22

22

2
2 2 2 2

Var

2

63  or 3.9375
6

1 1 3 1 194 6 8
4

1

4 8 8 4

X E X E X

x p x E X

 × + × + × + × − 

= −

 = −






=


=

∑
 

5 marks awards for the 
following: 
 
2 marks for the value of k 
• 2 – correct value of k 
• 1 – recognises that  

  ( ) 1p x =∑  and solves a 
  suitable quadratic 

 
2 marks for the value of a 
• 2 – correct value of a 
• 1 – attempts to use the  

  expected value to  
  evaluate a 

 
1 mark for ( )Var X  

• 1 – correct value for  
  ( )Var X  

 

 

  



Question 18 

Sample solution Suggested marking criteria 

(a)  

( )
( )

2 2

22

22

4 3 0

2 4 3 0

2 1

x y y

x y

x y

+ + + =

+ + − + =

+ + =

 

( )Centre 0, 2 ,  radius 1∴ = − =  

• 2 – correct solution 
• 1 – correct centre 

 – correct radius 

(b)  Diagram drawn to scale: 

 

1
2
6

c

0

os PQOQP
OQ

OQP

∠ =

=

∠ = °

 

 
 I 3n , 0OQP POQ∆ ∠ = °  

 
Therefore, OP is at an angle of 60°  
below the positive x-axis, using 

tanm θ=  and the fact that OP has 
gradient m− : 
 

( )tan 60
tan 60

3

m
m

m

− = °−

− °=

=

−  

• 1 – correct value for m 

(c)  
sin

1 2 1 sin 60
2

3  sq. units

1A
2

2

POQ OQ PQ OQP∆ × × × ∠

=

=

× × × °

=

 

 

sS nimil iarl
2

y, A 3  sq. u tORQ∆ =  

 

sR 4ef
3

lex d  ra ianRQP π
∠ =  

2
major sector

41
2

1
3

2
3

A π

π

× ×

=

=
 

 

teardrop
3 22

2 3
23  sq. units
3

A π

π

= +

 =  


×

+


 

• 2 – correct solution 
• 1 – calculates the area of the 

  major sector 
 – calculates the area of the 
  quadrilateral ORQP 
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